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KonKwnnn 


Tho purpj)Hc (if this )’c'|x>rt is to proHont cmpirlfnl proliohlllth's of 
p;ood, mni’i^lnal, or poor Orbitor ftirry wcnthor noross tho Hoiitlu*rn nnitod 
Stnlos from Kchvimls AFB, Callfornin, to Konncdy Spnco C’c-ntt-r, Florida, 
and from KtKvards AFB to Marshall Space' FliRht fb'nt(!r, Alabama. 

To dov<dop those probalillity statomonts, it was first lu'oossary to 
ustablish criteria by which good, mai’ginal, and poor (mrouto forry flight 
weather could Ix) idontified from a surface weather map. Current Orbiter 
ferry guidelines received from NASA/Johnstm Space Center indicate that 
ferry flights are U) be conducted under VFR and are to avoid turbulence. 
The criteria listed on page 1 were selected as indicators of turbulence or 
thick clouds that would make VFR fliglit difficult or impossible. An inttu'- 
pretation of each category is: 

Good— No indications of turljulcncc. ^ No thick clouds to 
hinder VFR flight. 

Margin — Some turbulent areas present. Some thick or layered 
clouds, making VFR flight doubtful. 

Poor— Turbulence very likely. Thick clouds present precluding 
VFR night. 


* CAT indicators were not Included in this study. 

Several examples of questions that can be answered from the biblcs pro- 
vided are given on page 5. 

Weather requirements (especially light ground winds at Marshall 
Space Plight Center) for the Orbltcr/Carrier aircraft demate operation 
Were not considered in this study. If several hours of light winds at the 
terminal were to become a prerequisite for the ferry operation, the "good" 
probability values in this report would be reduced considerably. 
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Section I 
INTRODUCTION 

Current plans call for tho Space Shuttle Orhitor to be ferried on 
the 747 Carrier Aircraft from Hdwards Air Force Base, CA to Kennedy 
Space Center, Fl. and to Marshall Space Fllpht Conte. , Ah. Tills study 
provides the empirical probability of having one day of good, marginal 
and poor flying weather each month across tho southern United States 
conditional upon tho prior one, two and throe days' flying weather. 
Results are given by month for each overall route plus segments of 
each route. The Edwards AFB to KSC route is divided into three segments: 
Western-Edwards to Midland, TX; Middle-Midland, TX to Shreveport, LA; 
Eastern-Shreveport, LA to Kennedy Space Center. The Edwards AFB to 
Marshall Space Flight Center route utilizes only two segments; Western- 
Edwards to Midland, TX; Eastern-Midland, TX to Huntsville, AL. 


Eleven years (1966-76) of the 0700 EST Daily Weather Maps (1) were 
examined along the proposed route. Each of the three segments was 
classified as good (1), marginal (2) or poor (3) for aircraft operations 
using the following criteria: 


Good (1) 

(a) 

no fronts 

(b) 

no gusts or squall lines 


(c) 

terminal conditions VFR 


(d) 

no thunderstorms 


(e) 

no significant precipitation occurring 

Marginal (2) 

(a) 

frontal system diffuse or dissipating 
(frontolysis) 


(b) 

terminal conditions expected to deteriorate 
within 6 hours to ‘'VFR 


(c) 

isolated thunderstorms 


(d) 

fo) 


Poor (3) 


Somo w Idtt.sprcnd iiuddlo dv cloud cover 

inolnt('d precipitation iirriir. 

(a) well develoiied front nl system or frontof.en^’'' 
fb) guntlncsr. or !.qunll lime; 

(c) tcrinlnnl condition;', •Vl'U now 
(dl line of well developed t bunder, ‘itormr. 
fe) widc.sprend middle or low cloud cover 
(f) brond band of precipitation occurring 


The coded data for each segment for each of tbc 4,018 days were placed 
on magftetic tape In chronological order. The code numbers 1, 2 and 3 
describe the good, marginal and poor weather conditions, while their 
position on tape determines the route segment being described. Per 
example, the symbolic form is W,M,E; W,M,E; W,M,E; and the actual 

data might be 111, 111, HI, 123 for any four days. The coded data were 
inventoried and edited for serial completeness prior to processing. 
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Section TI 

PROGRAM AND ANALYSIS 


I 


J 


The program examines the dally codes and Identifies ovorlappinn soniinnros 
of two, three and four days. The last dav of each sequence Is considered 
to be the nost condition, while the other davs In the sequence are 
considered to be the prior condition. All days in each prior condition 
are, by definition, of the same tyne. In the example qiven In the 
Introduction, an analysis of the Western seqment would show one sequence 
of 3 prior qood days and 1 post qood day. It also would show: two 

sequences of 2 prior good days and 1 post good day; and three sequences 
of 1 prior good day and 1 post good day. 

The same procedure Is followed for each seomcnt. When the entire route 
is analyzed, all three codes (W,H,E) must be examined each day. The 
criteria for oood is that all positions be coded "1"; for marqinal, at 
least one segment of the route must be a "2”, but none can be a "3". 
while for poor conditions, »t least one segment must be a "3". In the 
above example, the ENTIRE ROUiE analysis would show one sequence of 3 
prior good days and 1 post poor day. It also would show: one sequence 
of 2 prior good days and 1. post good day; one sequence of 2 prior oood 
days and 1 post poor day, two sequences of 1 prior good day and 1 
post good day and one sequence of 1 prior good day and 1 post poor dav. 
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Soctlon III 
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l’ifi,ur>'K and Tables 

The fiRuren nhow the percent freqtjency of occurrence of nt lenst 
ono and two good» inarp.Jnnl, and poor dayr. over the entire ferry mute 
from Hdwnrds AFB to Kennedy. Space Center, for example, of the ;<4] 
days in the 11 Januaries 103 or 30.2" were pood, 17H or r'2.2" were 
marginal, and 60 or 17.6"« were poor. These are the values shown by 
bar graphs for January in Figure 1. Those in Figure 2 were countcu 
in a similar way - there were 66 occassions (16.4".) when the entire 
route was classified good on at least two successive days. Tlio mar- 
ginal or poor classification was assigned if any part of the route 
fell into that category. 

The tables show the frequency (F) , conditional empirical probabilities 
(CP) and the empirical probability of having the indicated types of 
days followed by a gOod, marginal, or poor day ("») . Total frequencies 
are shown for each type (TOT F) and a grand total (N) gives the number 
of observations for each month for the 11 -year period. 

The other headings are explained as follows; 

TYPE: This is the condition of the current day, or days, while 

the condition of the day following is sho^m in the frequency columns 
of the good, marginal and poor fields across tho page. 

DAYS: Tliis is the number of days defined by type. A "!'• is added 

to the appropriate frequency cell under the proper field. 
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CP and Those columns contain the conditional prohahilltior. 
and percontafioa , whore 


Cl- - I'/TOTAl. F 
B I7N 


The followliiR series of quoations and answers illustrate some of the 
information tho mission planner cnn obtain from the tables. Table 1 
lidwards AFB to Kennedy Space Center, lint ire Route, .fanuary is used 
in all examples. 

Q. Miat are the chances of having a good day over the entire route? 

A. Of the 341 days examined 103 wore good. 103/341 = n.302 or 30.2'o. 

Q. I'ow many times did 2 successive good days occur? .3 good days? 4 
good days? 

A. Two successive good days occurred 56 times. Three successive good 
days occurred 30 times. Four successive good days occurred 13 times. 

Q. What is the probability (%) of 2,3,4 successive good days? 

A. (56 t 341) X 100 « 16.4%; (30/341) x 100 <= 8.8"o; (13/341) x 100 = 3.8«. 

Q. What is the conditional probability (t) that tomorrow will be good 
given that today is good? 

A. (56/103) X 100 = 54.4"«. 

Q. Suppose it is known that the entire route has been good for 2 days. 
Wliat is the conditional probability (%) that tomorrow will be good? 
Majjginal? Poor? 

A. Good (30/56) x 100 « 53.6% 

Marginal (18/56) x 100 ® 32,1% 

Poor (8/56) X 100 » 14.3% 

Q. On how many days and with what percent frequency did at least one 
segment of the route have poor weather? 

A. 60 days 

(60/341) X 100 = 17.6% 
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Section IV 
CONCl.DSIOMS 

The tables show that tho riroatest llknlihoocl of havin') two, ihm) and 
four consecutive days of favorable weather alone tho entire route is 
durinq tho months of dune, July and Auoust, whilo the least fav(»rable 
tnonths are Aiiril and Novoiiiher. In addition, all three seqiiionts show th»j 
hinhest porcentaqes of qood conditions durinn tho summer months. 

These tables should prove useful in determinino the months with tho 
ODtimum flyino weather as well as the likelihood of ha vino 2, .1 or A 
consecutive good days along each segment of the route. 
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P.DS AFB TO MARSJUa SPACl: FLIGHT CL:.T>-.R 
f:R.\ SF.GMEVT-E\FB TO MIDIA'.'D, TX. 

GQuO HARSIt'iAL POOR 



xoo.o 




25,0 ,3 2 50,0 ,6 1 25«0 

I XOO.O .3 


TABLE 6 EDWARDS AFB TO MARSHALL SPACE FLIGHT CE-NTER 
WESTERN SEa'IENT-EAFB TO MIDLAND, TX. 

WESTER!* 6000 MARGINAL 



40.0 1.2 1 30.0 .9 9 30.0 

2 66.7 .6 1 33,3 

1 100.0 .3 
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